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(541 Exhaust gas reactor 

I57j An exhausT gas reactor comprises 
ai least first and second open-pore . 
ceramic foam plates w)^ich are arranged 
in succession in ihe direction of flow 
tnroucr. :he reactor. The plates of 
ceramic foam have a catalytically active 
surface layer thereon. Filter plates of 
un coatee ceramic foam may 
acditiohclly be provided upstream and 
downstream of the first-mentioned 
plates. 
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SPECIFICATION 

Exhaust gas reactor and process for the production 
thereof 

5 . 

The inveniion relates lo an exhausi gas reactor, for 
example for use with an internal combustion engine, 
and a process for the production of such a reactor. 
The term exhaust gas is used in this specificaiion 

10 m a broad sense and may therefore embrace exhaust 
gas from an internal combustion engine as well as 
exhaust orwaste gas from other sources, suchasa 
paint spraying booth. 

One form of an exhaust gas reactor comprises a 
15 refraciorv carrier material in the form of a monolithic 
block of open pore ceramic foam, which has thereon 
a catalytically active surface layer. 

Porous ceramic foam is produced by an open-pore 
plastics foam being filled with a slurry of ceramic 

20 material, and then vaporising the plastics foam at 
elevated temperature. The porous ceramic foam 
produced in that way is also of an open-pore nature 
and is then provided with a catalytic layer which is 
matched to the respective chemical process 

25 involved. Catalysts produced In that way from 
porous ceramic foam are subjected to further 
processing to produce monolithic blocks of 
appropriate size, and used in that form. 

According lo the present invention, there is 

30 provided an exhaust gas reactor including a 

refractory carrier means of open-pore ceramic foam 
comprising at least two plates which are disposed in 
succession in the direction of gas flow through the 
reactor, and a catalytically active surface layer on the 

35 carrier means. 

Tests have been carried out which show that an 
exhaust gas reactor which is constructed from a 
plurality of successively disposed plates is 
' substantially more efficient in operation than an 

40 exhaust gas reactor consisting of a monolithic block 
of appropriate size. Furthermore, an exhaust gas 
reactor comprising a plurality of plates is 
substantially easier to manufacture and it is also 
easier to provide it with a catalytically active surface 

45 layer, than a large monolithic block. It is possible to 
arrive at a made-to-measure construction, 
depending on the particular composition and 
temperature of the waste or exhaust gases which are 
to be subjectec to the post'Com.bustion procedure, 

50 by virtue of the plates being of suitable composition, 
configuration and dimensions. In addition, the 
re a c: or can be rapidly adapted to the respective 
ooerating conditions invoived, panicuiarly in the 
event of changes therein, by virtue of the insertion or 

55 reoiacemeni of plates. All in all. because of the targe 
internal surface area of the ceramic foam, the 
exhaust gas reactor can be small in volume, in 
relation to the respective gas through-put thereof. A 
compact exhaust gas reaciorof that nature is 

60 panicuiarly important when, in connection with 
subsequent fitting to motor vehicles, a conventional 
silencer box or muffler is to be replaced by an 
exhaust gas reactor which must take account of the 
preaetermined dimensions and conciiions of 

65 installation of the respective silencer box or muffler. 



Besides the very large internal surface area of a 
ceramic foam, relative to its external volume, a 
critical consideration in regard tothe level of 
efficiency of an exhaust gas reactor In accordance 

70 with the present invention is alsothe high level of 
reaction probobility v/hich is provided by the 
micro-turbulent post-flow of the individual rods or 
fib res ofihe ceramic foam. 

In accordance with a further feature of the 

75 invention, the porosity of ine plates is between 10 
and 60 ppi (pores per Inch), and preferably between 
10 and 30 ppi. The reference to pores per inch (ppi) 
denotes the number of pores per Inch as a unit of 
length. 

80 A further embodiment oi a reactor according to the 
invention advantageously provides that plates of a 
different configuration or nature may be used. The 
different configuration or nature may be that the 
porosity of the plates Is different, for example a plate 
85 with coarse pores is followed by one or moreplates 
with finer pores. Howeverihe different configuration 
or nature may additionally or alternatively involve 
different catalytically active surface layers. 
Furthermore and possibly in addition thereto the 
90 plates may be of different shapes and sizes in order 
for example to produce a given flow characteristic in 
aerodynamic respects. 

A further feature of the inveniion may provide that 
one or more uncoated plates is or are arranged 
95 upstream and/or between and. or downstream of 
catalytically coaled plates. In that connection the . 
uncoated plates act in particular as a filter means. In 
that way, undesirable particles in the gas flowing 
into the reactor are filtered out of the gas flow prior to 

100 passing into the pan of the reactor in which reaction 
occurs, and reaction products are filtered out of the 
gas flow if further uncoated plates are arranged 
within the coated plates of the reactor or 
downstream thereof. The pore size of the uncoated 

105 filter plates Is to be matched to the size of the 

particles which are to be filtered out of the gas flow. If 
an uncoated plate with very fine pores is disposed at 
the downstream end of the reactor assembly, it is 
possible to ensurethai any panicles of the ceramic 

1 10 carrier material which come loose do not pass into 
the atmosphere, together with constituents of the 
washcoat base layer and the cataiyst material. 

In one embodiment of a reactor, the individual 
plates thereof may bear against each otherina 

115 sandwich-like construction. An advantageous 

festure of the invention provides hovvever that the 
plates are arranged at 5 spacing from each other, in 
which respect the spacings oeiweenthe plates may 
beihe sameor may vary. The spacings between the 

120 plates prevent thegases from forming preferential 
through-flow paths, whicn would have the result that 
parts of the plates would not have gas f iovv-ing 
therethrough or would have less gas flowing 
therethrough, so thai the level of efficiency would 

•125 drop, in relation to unit of surface area. If the spacing 
between plates is correctly chosen, turbulent effects 
occur between the plates, which ensure that the gas 
flow is balanced and equalised out. The spacings 
between the plates are also to be selected having 

130 regard to the flow speedsihroughthe reactor, the 



rii-nensions of :h- -..^:es and ihe r-coen-es of ihe 
resDectJve gases ;n^ c;veci. in me: connection 
however tne snaci'^^s snoulri be Ve-t as smaii es 
possible, hox'fng reoarc to :ne rescior being of a 
5 ccrnpaci aesign". 

if.inaccorri5nc«\vi;na ^I'-rnr-.-i-vepiaoeoiis 
feature cf tn<* inve-Mror. ir>e -:aies n.-e indtvidually 
. inierchancesose. man 5 :sGcior o: fr ei nature is 

sinpier anc less exrsnsive fro.T; :f.e poini of view of 
10 ^3intenancfi ihan a reactor whicn uses a monolithic 
block. In rr.ot case individual pistes can be replaced 
for repair or exchangee for cihe- p.'cies. If the 
operaiinc: conoiilcns ar.sr. To rc-.cve the dust whicli 
has been oroaucan. ine nbove-r".jr«!onecj uncooied 
1 5 filler olaies may be excnancrc: o: O'^lv clenned after 
thev have been removed. 

A paaicuiarly acvanioceous ot-velopmeni which is 
also an aspect of inceoencien; significance provides 

thr.i ihecaralvswnoier;35i:5eciccmL-»risesat Ipasione 
20 non-noble metal oxide. 

The reac:ion temper«!i;re of such oxides is higher 
than that of noble me'.sls wn^cn are .:onvsniionally 
used, for exan-ipJe piaiir.um. and is between about 
450and75C C.Asa rf.suii.inelsve! of effectiveness 
.25 scarcely decreases, ever. u:-.cer. -ten ioading and at 
hicn iempe.-3;i;res. so:r,£;c-crj 3 r-jacioris" 
particularly suiiauie .';c; just tor internal combustion 
engines of motor venicses Cw- aisc :cr stationary 
engines. The non-nobi? me:al c.xides are also 
30 resistant to lead poiscninp phenomena and to other 
noxious si'bstances sum as ch*orin5, fluorine and 
suJohur, as occur in :ne u.^.clsaned cases of 
siai J on ary engines. 

in a oreferred iesiurs cf the Inveniion. the 
35 caiaiyiicaliv active s-j.-face laver of = non-noble me;al 
oxice rricv be arrangec cn wnai is kncv/n as a 
wesnccai base layer cfajuminiurr. cxics in its 
-j-.r-.ocificstion fcrrr . S jcr a washccsT base layer is 
kncv. n er.c provides fc 2 T.ore *srid and better 
40 re = :iion. In order :r. 'r-rrcve icng-ter.Ti stability, 
aociiives rr,~y be zcz^z :c :-^e rase :cyer, for 

exa.-npiecompou^.cs c' et5~£r:s -'r-m the rareeanh 
grc--p. 

in 3rcer:o provids a reducing reaction, a fu nher 
45 emoodiment cf ihg inver.ticn srov^ces for usinc s 
cais ys: matsriai ccr-rrisi-nc et isast one oxide of the 
:c:icv.'inc r-.etais: ircr !=£rO:. cr Fe^C^V cobalt fCoO 
or CZ2O2O' Co^Ci-. n:cK5: i\'0 cr :\ .-=0;;, titanium 
■T'.Z:'. vancdium • V^C? •. crrcrr.iL;.— C^-C^':. 
50 .~c;vbdenu.-r. (McO^ . uncsten {WO^,'. and 
. -ar.csnese 'MnO cr Vn-Q-. cr iV.r..O/j. c ai leas; a 
— •xtjrecf si :e2s: t.vc t.^erscf. 

Tc provice an oxic.sino reaction, tr 5 catalyst 
material of tne.reacto' mav comprise a; least one 
55 c;<;ce c: at i»ast one cf tne fcliCA-ir..- rr.eiais: copoer 
C^O... chromium (Cr-C-'. moiyocenum (MoOj). 
tungsten {V.'O^/. manca^ese i MnO or Mn-C.^ or 
MnjC.:), vEnacium. .V.-C: *. •rcr. i ?=e;C2.> or at least one 
mix;w.-e o: a: least tv.c i-»e'ec:. 
50 In e further advantaceous emocdimeni of the 
invention. :he reactor may be of a two-stage 
conficuraiicn. wiin a recucinc -eaction taking place 
in ins firs: stage and ar. c>;rc:s:nc .'taciion taking 
Cfcce in ine second stags. .=or exarr.pie.in the first 
G5 stacc- of ar exhaust cas reactor :c: inte.ma! 



combustion engines, nitrogen oxides cNO )are 
reduced to harmless nitrogen at tne cata!yst material 
by means of ihe carbon monovide iCO) in the 
exhaust gas. Then, the second stage involves 
70 oxidation of the excess carbon monoxide to form 
carbon dioxide, with oxygen possibly atso being 
added, in the form of air. In other areas of use of such 
a reactor, it is also possible to provide for the 

oxidation of other constituents, in panicular organic 
75 components, for example hydrocarbons. Such 
constituents occur inter alia in the waste or exhaust 
gases from paint spraying booths. The two stages of 
the reactor each have at least one plate and may be 
arranged in separate housings or in a common 
80 housing. At least one uncoated filter plate is 

desirably arranged upstream of the first stage, so 
such a filtercan also retain soot particles which can 
then undergo post-combustion if the initial filter 
reaches a temperature above oOOX. The second 
85 stage may be followed by an uricoaied fine-pore 

filter plate, constituting a very fine filter which retains 
in particular pieces of ceramic carrier material which 
have come away. 

In another aspect, the present invention also 
90 provides a process for the production of an exhaust 
gas reactor, wherein a non-nobie rnetal oxide is 
added to the slurry which, as referred to in the 
opening part of this specification, is used to produce 
the ceramicfoam from open-pore plastics foam. 
95 After calcination of the foam which is coated with the 
ceramic material, the non-noble metal oxide is then a 
constituent of the ceramic mater/el and is thus also 
present at the surface thereof. Such a mixing effect 
may be used in particular when the oxide is 
100 cornpsratively inexpensive. 

An alternative option in regard to me process for 
producing the exhaust gas reactor according tome 
invention provides that the foam which has oeen 
coatee with ceramic material and pre-criec but not 
ICS yet subjected 10 the caicination ooerstion may be 
coated, preferably by a dipping operation, with a 
particular suspension or slurr\- v.'hich contains the 
non-noble metal oxide and ODiionsliv TL-r.ner 
constituents which prornois ad.nesion cf the oxice as 
1 10 well as the catalytic function. Besides for exam oie 
titanium dioxide, the suspension or siurry may 
additionally contain the materia: for the base layer 
(aluminium oxide). 

Another form of procedure for spoiv'nc the 
1 1 5 catalyst mate.-iai in the r-eacic acccrcinc to the 
Invention provides that the foam whicn has been 
coated v/ith ceramic material and dcssJ civ :ne base 
layer and v.fhicn may or may rso; nave oeen subtected 
to the calcination operation is impregneted with a 
.120 solution of a metal sal; of the nor-nople me'al tc be 
used, and then the rhetai is converrec irtc the metal 
oxide by a heat treatment such as calcination-, and 
fixed on the ceramic foam. 

The reactor according to the invention is 
1 25 . inexpensive to manufacture, enjcvs a wide range of 
adaptability and has a high level cf efficiency, even at 
high temperatures, while being easy and simple to 
maintain and being capable cf acapting to altering 
operating conditions. 
130 E.mbodiments of a reactor according to tine 
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invention and me o^'ocess for ine oroduction thereof 
wiH row oe csscribec Dv wav of example wiih 
reierence to ine accorhpanying crawing in which: 
figure 7 is a diagramrnsiic view in longiiudinal 
5 section of a first em boor m en t of the reactor 
according lo ;he inver.licn. ar^n 

Figure 2 \s a basic view in scngiiurtina) section of a 
iwo*siage reactor as a second embodiment of the 
invention. 

10 Referring to the diagrammatic view InFigure l.an 
exhaust or waste gas reactor according to the 
invention comprises three piaies 1 of open^pore 
ceramic foam with a caia'.ytically active surface layer 
thereon, which are arranged in succession in the 

1 5 direction in which the gas flows through the reactor, 
as indicated by the arrows 10 and 11. 

Disposed upstream of :ne first reactor plate 1 is a 
further plate 2 of open -pore ceramic foam, which is 
not coated with catalyst material. The plate 2 serves 

20 as a filter plate for particies contained in the flow of 
exhaust gas. Furthermore, arranged downstream of 
the last reactor plate Vis s very fine filter plaie 3 of 
open-pore ceramic foam without a catalyst coating 
thereon. The plate 3 has very fine pores and filters 

25 out of the gas flow partiCiss of the ceramic base 
materia) v.'hicn have come iooi;e. The spacings 
between the incivicuai ciates 1. 2 and 3 provide fora 
turbulent effect the.'ein. Tncse spacings are selected 
to be non-uniform in sucn a way that the reaction is 

30 as complete as possioss. me flow resistance is at a 
low level and the dimensions of me arrangement are 
not excessive. 

Figure 2 :s a diacr = mrr.a::c view of a two-stage 
reactor. The iwc stages are arranged in separate 

25 casings or chambers sr.c 5 which are in 

communication by v/av of a oipe o.The waste or , 
exnausi gas to be treated fiows into the casing 4 in 
. the direction incicetec svxhs arrow 10. Arranged 
first in tne casing «: *s sr. uncca;ea filter plate 2 which 

^0 is. followed el & spac:r.g cy two spaced-apart reactor 
plates 1 whicr. are czB:ez v.-iir. caialytically active ■ . 

• msieriai. In tne oSa^es :ne nitrogen oxides INOJ in 
the gas react with I'r.e za-DOPi monoxide (CO^ which is 
aiso present me.-eir., w'Xr. tne nitrogen oxides being 

C5 reduced lo non*tcxic r.sirocen. In the pipe 6. air is 
then edc5cto:i"e ex-ajs: gas by means of a nozzle? 
f.'om a zipe £. f-r exsrr.::«e cv means of a pump in the 
form c' 5 biov.'e-. I: :: ass-jmec tnat theoenoxed 
c cs In tne Dipe c si'.'-- r.as 2 comooneni of about 

IC CO. tnen cDouiC.5-: G; from the air must be added 
for compiete ccmcjs'.icr.. With an oxygen 
ccmooneni for abc-: 20'- tnai m.eans the addition 
. of about 2.5-s ei.-. As operation is usually conducted 
at hicnenhar. stoicnicmet.-y. about double the 

55 amo jni is accrc ir. a r'sciical situation, tnai is to say 
about 5~.e air. 

In tne casing 5. tne gas again first flows through a 
filler 2 anc tnen two reac.or plates 1. at the surface of 
v.'hic.n the Cc'con rrc^PCxice undergoes combustion 

60 to form caroon ciox:ce. A very fine filter plate 2 ai the 
outist of the casing 5 eii.T.inaies reaction panicles 
ano fine ousts. 

One embocimen- oi:re 'eacior according to the 
invention usee cnrcmrjm ;rjoxide as the metal 

65 oxic:e. Tne ceramic '^a- carrier material was 



impregnated v/ith ammonium cJichromate solution 
(between 3 and 25%» and then the substance was 
thermally decomposed to form chromium trioxide 
fCr^O^), on the carrier material. The ammonium 

70 dichromate maV also be reduced with a reducing 
agent such as for example ethanoi or ascorbic acid, 
to form irivaleni chromiurn trioxide. Fixing on the 
carrier material is then effected by drying and 
calcining. The thermal expenditure involved in such 

75 a procedure is slight. 

Various forms of process may be employed for 
producing a reactor as described above; for 
example, when using a slurry of ceramic mat erialto 
fill an open-pore plastics foarn which is then 

80 vaporised at elevated temperature to produce a 
porous ceramic foam, the catalyst materialsuch as 
the non-noble metal oxide referred to above may be 
added to the slurry used lo fill the plastics foam 
which is then removed in the manner stated. 

85 Alternatively, the foam may be coaled with ceramic 
material and then impregnated with a solution of a 
salt of a non-noble metal, the salt then being 
converted into the metal oxide and fixed on the 
ceramic foam. 

90 It will be appreciated that the above-described 
embodiments of the reactor and process according 
to the invention have been set forth solely by way of 
example thereof and that various modifications and 
alterations may be made therein without thereby 

95 departing from the scope of the invention as defined 
by tbie appended claims. 
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TOO 1. An exhaust ges reactor i ncluding a refractory 
carrier means ot open-pore ceramic foam, 
comprising at least two plates which are disoosed in 
succession in the direction of gas flow through the 
reactor, and a catalytically active surface layer on tne 

105 carrier means. 

2. A reactor according to claim 1. wherein the 
porosity of the plates is betv./een 10 and 60 opi. 

3. A reactor according to claim 2 wherein the 
porosity of the plates is between 10 and 30ppi. 

no 4. A reactor according to claim 1 and comprising 
plates of a different configuration or nature. 

5. A reactor according to claim ^ wherein the 
porosity of the plates is of different sizes. 

6. A reactor according to claim 4 or claim. 5 

115 v/herein the plates have different catalvnically active 
sun'ace layers. 

7. A reactor according to any one of claims 4. 5 
and6whereinthe plates are of different shapes. 

8. A reactor according to any one of the 
120 preceding claims and comprising one or more 

uncoated plates disposed upstream and or between 
and or downstream of the catalytically coated olates. 

9. A reactor according to one of the preceding 
claims wherein the plates are arranged at a spacing 

125 from each other. 

10. A reactor according lo claim 9 wherein the 
spacing between the plates varies. 

.11. Areactoraccordingiooneof thepreceding 

claims wherein said plates are individually 
130 interchangeable. 




12. A reactor according !0 s of the preceding 
claims wherein ihe caiaylst material useo tncluoes at 
least one non-noble metal oxide. 

13. A reacior according to one ol the preceding 

5 claims wherein said catalyiically active surface layer . 

is arranged on a base layer (washcoal) of aluminium 
oxide (AUO2) in the v-modificaiion lorm. 

14. A reacior according 10 claim 12 or 13whereir.. 
for a reducing reaction, the catalyst material 

10 comprises at least one oxide of ai least one of the 
following metals: iron, cobalt, nickel, titanium, 
vanadium, chromium, molybdenum, tungsten, ana 
manganese or a mixture of at least two thereof. 

15. A reacior according to claim 12 or claim 13 
1 5 wherein, for an oxidising reaction, the catalyst 

material comorises at least one oxide of at least one 
of the following metals; copper, chromium, 
molybdenum, tungsten, manganese, vanadium, iron 
or a rnixture of at least two thereof. 

20 16. A reactor according to one of the preceding , 
claims which comprises at least first and second 
stages, of such a nature that In operation a reducing 
reaction takes place in the first stage and an 
oxidising reaction iukes plate in the second stage. 

25 17. A reactor according to claim 16 wherein said 
first and second stages each comprise at least one 
plate and they are arranged in a common housing. 

18. Areactoraccordingtoclaim IBorcIaim 17 
and funher including an uncoated filler plate 

30 arranged upstream of the first stage in the direction 
of flow therethrough. 

19. A reactor according to one of cTaims 16 to 18 
and further comprising an uncoated fine-pore filter 
plate arrangea downstream of the second stage in 

35 the direction of flow therethrough. 

20. A reactor according to one of claims 16 to 19 
wherein air is injected into the flow of gas through 
the reacior, between said firs; and second stages. 

21. An exhausi gas reactor substantially as 

40 hereinbefore describeo with reference to Figure 1 of 
the accompanying drawings. 

22. An exhaust gas reacior substantially as 
hereinbefore cescribed with reference to Figure 2 o: 
tne accomoanying drav/ings. .' 

45 23. A process for the production of a reacior 
according to any one of claims 12 to 20comDrising 
introducing a slurry of ceramic material into an 
opsn-po.'-e oiasiics foam and then removing the 
plastics foar-., wnerein said non-nobie meiat oxids !S 

5C acaso to the slurry used to produce the ceramic 
foem from me csen-pore plastics foam. 

24. A process for producing a waste gas reac:o: 
according to anyone of claims '•2 10 22 comprising 
introducing a sturry of ceramic material into an 

5£ open-pore plastics foam and ihen removing the 

plastics foarr,. wherein said non-noble meiat oxice is 
adOedto e suspension, and the foam which iscoaied 
witn ceramic rr.aierial and which has been pre-criec 
is coated wim the susoension. preferably by a 

60 dicping process, and then it is subjected to 
calcination. 

25. A process according 10 claim 24 for 
producing a reactor according 10 claim 13 or any 
claim appendant thereto wherein the material tA'.-C;: 

65 of tne base layer is additionally mixed with the 



suspension. 

• 26. A process for the production of a reactor 
according to any one of claims 1 2 to 22 comprising 
I ntrooucing a slurry of ceramic material into an 

70 open-pore plastics foam and then removing the 

plastics foam, wherein the foam which is coated with 
ceramic material and optionally a base layer and 
whicn is in a calcined or uncalcined condition is 
imoregnated with a solution of a metal salt of a said 

75 non-noble metal and the metal salt is then converted 
into the metal oxide by chemical reaction and/or 
calcination, and fixed on the ceramic foam. 

27. A process for the production of a reactor, 
according to any one of claims 23 to 26 and 

80 suDStantially as hereinbefore described. 

28. An exhaust gas reactor substantially as 
herein described with reference to the 
accompanying drawings. 
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